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ABSTRACT: The epidemiology of abdominal aortic aneurysm (AAA) dis-
ease has been well described over the preceding 50 years. This disease
primarily affects elderly males with smoking, hypertension, and a pos-
itive family history contributing to an increased risk of aneurysm for-
mation. The aging population as well as increased screening in high-risk
populations has led some to suggest that the incidence of AAAs is increas-
ing. The National Inpatient Sample (1993–2003), a national representa-
tive database, was used in this study to determine trends in mortality
following AAA repair in the United States. In addition, the impact of
the introduction of less invasive endovascular AAA repair was assessed.
Overall rates of treated unruptured and ruptured AAAs remained stable
(unruptured 12 to 15/100,000; ruptured 1 to 3/100,000). In 2003, 42.7%
of unruptured and 8.8% of ruptured AAAs were repaired through an
endovascular approach. Inhospital mortality following unruptured AAA
repair continues to decline for open repair (5.3% to 4.7%, P = 0.007).
Mortality after elective endovascular AAA repair also has statistically
decreased (2.1% to 1.0%, P = 0.024) and remains lower than open re-
pair. Mortality rates for ruptured AAAs following repair remain high
(open: 46.5% to 40.7%, P = 0.01; endovascular: 40.0% to 35.3%, P =
0.823). These data suggest that the numbers of patients undergoing elec-
tive AAA repair have remained relatively stable despite the introduction
of less invasive technology. A shift in the treatment paradigm is occurring
with a higher percentage of patients subjected to elective endovascular
AAA repair compared to open repair. This shift, at least in the short
term, appears justified as the mortality in patients undergoing elective
endovascular AAA repair is significantly reduced compared to patients
undergoing open AAA repair.
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INTRODUCTION
Dramatic improvements have been made during the past 50 years in the
overall diagnosis, management, and treatment of abdominal aortic aneurysms
(AAAs). Early detection programs, improvements in risk factor control, and a
better understanding of the progression to rupture have allowed physicians and
surgeons to make better treatment decisions.1–4 Furthermore, recognizing the
potential benefits of regionalizing these complex procedures to high volume
centers and specialized surgeons may further improve treatment outcomes.5–7
The advent and dissemination of endovascular approaches to AAAs will likely
expand the number of patients in the population undergoing AAA repair. These
facts will be crucial in managing the increasing elderly population at risk for
AAAs in the United States.
Unfortunately, the mortality for ruptured AAAs has improved little in recent
decades.2,5 While some evidence suggests the rate of ruptured AAAs in the
general population is decreasing, certain populations, including those of lower
socioeconomic status and the uninsured, have significantly higher rates of
rupture.5,8 Measures to provide minimum preventative services or screening
to manage AAAs before rupture may be needed if outcomes are to continue to
improve. The objective of this investigation was to provide a population-level
analysis of AAAs treated in the United States from 1993 to 2003.
METHODS
All clinical data were obtained from the Nationwide Inpatient Sample (NIS)
for the years 1993 to 2003. The NIS is a 20% random, stratified sample of
discharges from nonfederal hospitals in the United States.9 The database is
maintained by the Agency for Healthcare Research and Quality (AHRQ) as
part of the Healthcare Costs and Utilization Project (HCUP). The clinical
sample was derived in a two-step process using International Classification of
Diseases, Ninth Revision, (ICD-9) procedure and diagnostic codes. First, all
patients underwent repair of an AAA either open (ICD-9, 38.34 aorta resec-
tion and anastomosis; 38.44 replacement of abdominal aorta; 38.64 excision
of aorta; 39.52 other repair of aneurysm) or endovascular (ICD-9, 39.71 en-
dovascular abdominal aorta repair). The endovascular code did not come into
use until the year 2000. Second, diagnostic codes for both unruptured AAAs
(ICD-9, 441.4 abdominal aneurysm without mention of rupture; 441.9 aor-
tic aneurysm of unspecified site without mention of rupture) and ruptured
AAAs (ICD-9, 441.3 abdominal aneurysm, ruptured; 441.5 aortic aneurysm
of unspecified site, ruptured; 441.6 thoracoabdominal aneurysm, rupture) were
used to ensure the sample included only treatment for AAAs rather than other
conditions. Population estimates of AAA repair utilization were made using
discharge sampling weights provided by the NIS and information provided by
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the United States Census Bureau.10 Basic demographics were reported and
tested for changes over time. Mortality, length of stay (LOS), and total charges
were also calculated. Total charges were adjusted to the year 2003 dollar values
using the consumer price index (CPI) for inpatient hospital services.11
Statistical analyses were carried out using analysis of variance (ANOVA)
for patient age, chi-square for gender, race, and mortality, and Mann–Whitney
U test for LOS and charges. All analyses were performed using SPSS software
package (SPSS version 12.0, SPSS Inc., Chicago, IL, USA). P < 0.05 was
considered significant for all analyses.
RESULTS
The overall sample yielded 94,825 cases of treated AAAs (80,183 unrup-
tured, 14,642 ruptured) over the 11 years of study. The mean age of the popula-
tion was 72.0 years and was higher for patients with ruptured AAAs (TABLE 1).
Females comprised 20.8% of patients. Overall mortality, LOS, and total charges
were significantly higher for patients presenting with rupture.
Marked differences in the demographics and overall outcomes between open
and endovascular repair were observed (TABLES 2 and 3). Years 2000 to 2003
were used in the comparisons since endovascular repair was not separately
coded prior to that time. Patients who underwent endovascular repair for un-
ruptured AAAs were more likely to be male and older. Mortality and LOS
were less for endovascular repair, while total hospital charges were more for
TABLE 1. Demographics and outcomes for patients who underwent AAA repair in the
NIS from 1993 to 2003
Aneurysm type
Total Unruptured Ruptured P∗
Number 94,825 80,183 14,642 −
Patient age in years ± SD 72.0 (8.1) 71.8 (8.0) 73.1 (8.7) <0.001
Female (%) 20.8% 20.7% 21.4% 0.063
Caucasian race (%) 92.2% 92.5% 90.8% <0.001
Comorbid conditions
COPD† 23.7% 23.9% 22.8% 0.003
Diabetes mellitus 8.2% 8.6% 6.1% <0.001
History of myocardial infarction 9.5% 10.4% 4.8% <0.001
Inhospital mortality 10.4% 4.2% 44.8% <0.001
Median LOS in days‡ 7 (5 to 11) 7 (5 to 10) 9 (2 to 17) <0.001
Median hospital charges‡ $44,977 $43,085 $65,004 <0.001
($31,463 to ($30,754 to ($38,596
$68,736) $63,062) $121,658)
∗ANOVA for patient age; chi-square for gender, race, and mortality; Mann–Whitney U test for LOS
and charges.
† COPD = Chronic obstructive pulmonary disease; ‡ = interquartile range.
4 ANNALS NEW YORK ACADEMY OF SCIENCES
TABLE 2. Demographics of patients who underwent open versus endovascular repair for
an unruptured AAA in the NIS from 2000 to 2003
Aneurysm repair type
Open Endovascular P∗
Number 22,672 9,392 −
Patient age in years ± SD 71.7 (8.2) 73.4 (8.1) <0.001
Female (%) 22.7% 15.9% <0.001
Caucasian race (%) 90.8% 90.9% 0.878
Comorbid conditions
COPD† 25.6% 22.2% <0.001
Diabetes mellitus 9.8% 12.6% <0.001
History of myocardial infarction 10.8% 15.3% <0.001
Inhospital mortality 4.4% 1.3% <0.001
Median LOS in days‡ 7 (5 to 10) 2 (1 to 4) <0.001
Median hospital charges‡ $43,462 $51,877 <0.001
($30,913 to $66,185) ($38,369 to $72,146)
∗ANOVA for patient age; chi-square for gender, race, and mortality; Mann–Whitney U test for LOS
and charges.
† COPD = Chronic obstructive pulmonary disease; ‡ = interquartile range.
endovascular repair. Patients treated for ruptured AAAs were of similar age,
gender, and race comparing open and endovascular approaches. Mortality was
less in the endovascular cohort, although did not reach statistical significance.
TABLE 3. Demographics of patients who underwent open versus endovascular repair for
a ruptured AAA in the NIS from 2000 to 2003
Aneurysm repair type
Open Endovascular P∗
Number 4,439 271 −
Patient age in years ± SD 73.1 (9.0) 73.6 (9.0) 0.334
Female (%) 22.8% 23.3% 0.851
Caucasian race (%) 88.8% 86.0% 0.218
Comorbid conditions
COPD† 24.6% 26.6% 0.471
Diabetes mellitus 7.6% 9.6% 0.230
History of myocardial infarction 5.0% 7.4% 0.078
Inhospital mortality 42.7% 36.7% 0.052
Median LOS in days ‡ 9 (2 to 18) 8 (2 to 15) 0.205
Median hospital charges ‡ $69,611 $71,926 0.555
($41,535 to $129,935) ($45,266 to $132,925)
∗ANOVA for patient age; chi-square for gender, race, and mortality; Mann–Whitney U test for LOS
and charges.
† COPD = Chronic obstructive pulmonary disease; ‡ = interquartile range.
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FIGURE 1. Estimated number of unruptured and ruptured AAAs treated in United
States hospitals from 1993 to 2003.
Overall rates of treated unruptured and ruptured AAAs remained relatively
constant during the period of study (unruptured 12 to 15/100,000; ruptured
1 to 3/100,000) (FIG. 1). In 2003, 42.7% of unruptured and 8.8% of rup-
tured AAAs were repaired using an endovascular approach (FIG. 2). Mortality
for unruptured AAAs repaired by open means decreased from 5.3% to 4.7%
(P = 0.007). Endovascular AAA repair mortality rates from 2000 to 2003 were
statistically decreased (2.1% to 1.0%, P = 0.024). Mortality rates for ruptured
AAA treated by open repair decreased significantly, while the mortality for
endovascular repair did not significantly change (open: 46.5% to 40.7%, P =
0.01; endovascular: 40.0% to 35.3%, P = 0.823) (FIG. 3).
DISCUSSION
AAA disease in the United States is still a disease primarily of the elderly
male patient with more than 15,000 deaths in the year 2000 secondary to aortic
disease.12 Other well-documented risk factors for the development of an AAA
include tobacco use, the presence of hypertension, atherosclerosis in other
vascular beds, and hypercholesterolemia.3
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FIGURE 2. Estimated number of AAA repairs, by type, performed in the United States
from 1993 to 2003. (A) Unruptured. (B) Ruptured.
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FIGURE 3. Inhospital mortality by repair type for (A) unruptured AAA (open: 5.3%
to 4.7%, P = 0.007; endovascular: 2.1% to 1.0%, P = 0.024). (B) ruptured AAA (open:
46.5% to 40.7%, P = 0.01; endovascular: 40.0% to 35.3%, P = 0.823).
Certain recent studies have suggested specific subsets of patients who may
be at increased risk for AAA development and rupture. Englesbe reported on
1, 557 patients who underwent heart, kidney, or liver transplantation and were
screened for AAAs.13 Cardiac transplant patients in particular, when screened
for AAAs at a high rate (87% were screened), had a 5.8% prevalence of AAAs.
In addition, among those transplant patients with AAAs, the rate of aneurysm
rupture was 22.5% per year with a mean diameter of only 6.1 cm.
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Uninsured patients may also be at greater risk for AAA rupture and dying
more frequently even when their intact AAA is repaired electively. A recent
study by Boxer and others suggested that patients without insurance or who had
Medicaid compared to patients with private insurance presented more often
with ruptured AAAs.8 Furthermore, patients without insurance had a higher
mortality rate compared to patients with private insurance following elective
AAA repair, even after correcting for comorbidities. These findings suggest
screening programs designed to reduce the incidence of patients presenting
with ruptured AAAs should perhaps target noninsured patients.
The incidence of AAAs in the general population of the United States should
predictably be increasing with the aging population. However, the present data
suggest that the numbers of patients undergoing elective AAA repair have
remained relatively constant. This has been the case despite the introduction of
less invasive diagnostic and therapeutic technology, which often serves to lower
the threshold for intervention. Clearly, there are many examples in the vascular
surgery literature in which a “less invasive” therapy, even if it is inferior in the
long term to conventional operative therapy, has become the primary mode
of treatment of a disease. Examples of the accelerated use of less invasive
technology have been documented in the endovascular treatment of patients
with aortoiliac occlusive disease14 as well as in the treatment of patients with
renovascular hypertension secondary to renal artery stenosis.15 It is possible
that the total number of patients undergoing AAA repair in the United States has
recently remained stable despite the introduction of less invasive technology,
secondary to a number of large randomized trials suggesting that the threshold
diameter for AAA repair should be increased from 5 cm to 5.5 cm, especially
in males.4,16,17
A shift in the treatment paradigm of patients with AAAs is occurring over
time with a higher percentage of patients undergoing elective endovascular
AAA repair compared to open AAA repair. In the short term, this is clearly
justified as mortality following elective endovascular AAA repair is signifi-
cantly less than open AAA repair. This difference in outcome has occurred
despite increased comorbidities such as prior myocardial infarction and more
diabetics in the endovascular group. However, endovascular therapy entails
greater costs reflected by increased hospital charges as documented in this
study.
Clearly, the paradigm for elective AAA repair has changed.18–20 Nowygrod
and colleagues examined national data from the NIS and statewide data from
four states and also documented a significant shift in the treatment paradigm in
patients undergoing elective AAA repair.18 While also using the NIS, but ex-
amining AAA repair only as the primary procedure code, the authors noted that
endovascular AAA repair was used for 43% of total AAA repairs. Data from
the Center for the Evaluative Clinical Sciences revealed that the rates of AAA
repair per 1,000 Medicare enrollees, despite the introduction of endovascular
AAA repair, were similar to levels observed in the mid 1990s.19 This report
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documented that inpatient reimbursements for AAA repair had fallen modestly
since 1991. Dillavou and colleagues, also using the Medicare database, noted
that endovascular AAA repair was more often undertaken in the elderly with
lower mortality especially in older patients compared to open AAA repair.20
They also reported average elective AAA repair hospital charges that were
not different for patients undergoing open or endovascular repair. However,
endovascular repair was reimbursed more poorly by Medicare. This occurred
even with more patients in the endovascular AAA group classified as DRG 111
(major cardiovascular procedure without complications), supporting a higher
reimbursement level.
Importantly, two reasons may exist to explain why fewer patients are pre-
senting with ruptured AAAs. First, strategies aimed at reducing modifiable
risk factors such as quitting smoking and treating hypertension may have had
a positive effect on aneurysm development and subsequent rupture. Second,
screening programs may be having their intended affect, namely allowing early
elective AAA repair and lessening the number of late ruptured AAAs. In the
setting of relatively constant numbers of patients undergoing elective AAA
repair, it appears that endovascular technology has not accelerated the rate of
total AAA repair.
While not specifically addressed with the data from the current studies, indi-
vidual centers of excellence have demonstrated remarkably low mortality rates
following ruptured endovascular AAA repair.21,22 Although greater numbers
of patients having ruptured AAAs will need to be treated endovascularly before
significant decreases in mortality can be realized with the endovascular ap-
proach, this technology has the potential to significantly lower the staggering
mortality accompanying open ruptured AAA repair.
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